Sheep manure was used to prepare biochar under pyrolysis temperature of 600ºC. The structural features of biochar were characterized by elemental analysis, BET analysis and scanning electron microscopy. The effects of pH, biochar dosage, adsorption time, temperature on adsorption of methyl orange (MO) in water by sheep manure biochar, as well as its adsorption mechanism, were investigated via batch experiments. The results showed that the sheep manure biochar had large specific surface area, abundant hole structure and high aromaticity and polarity. When temperature was 25ºC, MO concentration was 20 mg/L, initial pH was 4.0, and biochar dosage was 0.6 g/L, the adsorption achieved balance at about 250min, and the MO removal rate reached to 92.55%. Pseudo second-order kinetic model and Langmuir model could more accurately describe the adsorption behavior of MO onto sheep manure biochar, and the theoretical maximum adsorption capacity was 42.513 to 45.563 mg/g. Besides, the process is a favorable adsorption. Thermodynamic studies showed that the adsorption was a spontaneous, endothermic and entropy-increasing process. Sheep manure biochar could be used as a good adsorption material for MO in water, which achieved the goal of controlling waste by waste.
Introduction
As a commonly used azo dye, methyl orange (MO) has been widely used in the printing and dyeing textile industries. MO is difficult to be biomedically degraded due to its complex aromatic structure [1] . With its usage increased, the pollution of methyl orange dye wastewater has been a growing problem, and there's an urgent need to develop effective counter-measures. Currently, methods of treating dye wastewater mainly include the adsorption method [2] [3] [4] [5] , photocatalysis [6, 7] and chemical oxidation [8, 9] . Among them, the adsorption method has been widely used because of its smaller footprint, strong control ability and good treatment efficiency. The research and development of new efficient and cheap adsorption materials has become a hot topic.
Biochar is a carbonaceous matter of high aromatase prepared by biomass pyrolyzed under the condition of limiting oxygen or oxygen-free, with the characteristics of well-developed pore structure, rich functional groups and large ion exchanges [10] [11] [12] . As a new kind of multi-functional material, biochar has been widely used in returning farmland to sequester carbon, soil Lu Y., et al. improvement and pollutant adsorption in recent years [13] [14] [15] [16] . However, there have been few reports on the preparation of biochar and the use of animal wastes as raw materials to absorb MO. With the increase of livestock breeding in China, pollution by livestock and poultry manure has been increasing. According to the forecast analysis, the amount of livestock and poultry waste in China will reach 2.98 million tons by 2020, so new approaches are urgently needed to solve the environmental pollution problems caused by livestock and poultry excrement.
Therefore, this study prepared biochar from sheep manure and used it in the adsorption of MO in water. Based on the analysis of the characteristics of the biochar structure, the main factors affecting the effect of MO adsorption were investigated, and the adsorption mechanism was analyzed through kinetic and thermodynamic models. The purpose was to provide a new adsorption material for the treatment of methyl orange wastewater, and to provide a scientific basis for the new resource utilization method of sheep manure.
Materials and Methods

Reagents and Instruments
Main reagents: The methyl orange (molecular formula: C 14 H 14 N 3 SO 3 Na) purchased from Tianjin Ruijin Chemical Pharmaceutical Co. Ltd was confected to 1000 mg/L as reserve solution and later diluted for the experimental needs. All the NaOH and HCl involved were analytically pure and the water was deionized.
Main instruments are: muffle furnace (SG-XL1200); acidimeter (PHS-3C); electro-thermostatic blast oven (DHG-9030A); ultraviolet and visible spectrophotometer (UV-1800PC); vapour-bathing constant temperature vibrator (THZ-82); table model high-speed centrifuge (2-16P); electronic analytical balance (JA5003); elemental analyzer (VARIO EL Cube); surface area analyzer (NOVA4000e); and FESEM (SUPRA40).
Preparation of Biochar
Sheep manure was collected from a farm in Yaan, Sichuan Province, impurities were picked out and it was spread to dry. The manure was processed by a pulverizer and ground through an 80-mesh sieve and put in an oven at 65ºC to dry. It was weighed and an appropriate amount of dried goat dung was put in a crucible, compacted and covered, then put in the muffle furnace heated to 600ºC at the heating rate of 15ºC/min and maintained constant temperature for 150 min. It was cooled to room temperature and HCl was added to the pyrolysis product at a solid-to-liquid ratio of 1:20, and triplicated the shock cleaning to remove ash at 150 r/min for 30 min each in 25ºC. Water washing to neutral using deionized water, and sifted and dried in an oven at 105ºC. The bio-char from sheep manure was prepared after the products cooled and through 100 mesh, and packed it in an amber wide-mouth packers.
Experimental Method of Adsorption 
Testing and Analysis Method
The C, H, N, and O content of sheep manure biochar was tested by elemental analyzer while its specific surface area, total pore volume and average pore size were measured by the BET method. A field emission scanning electron microscope was also adopted to analyze surface topography. The adsorption quantity (q, mg/g) and removal rate (r, %) of the MO by biochar were calculated using the following formula: 
Results and Discussion
The Structural Characteristics of Biochar
According to the elemental analysis results of the sheep manure biochar, the mass fractions of C, O, N and H were 63.25%, 12.09%, 2.49% and 2.21%. It can be seen that the highest content in sheep manure biochar was C, followed by O and N. Going forward, the atomic ratios of H/C and O/C were calculated as 0.035 and 0.191. According to related literatures, the aromaticity of biochar could be judged by the H/C ratio. The H/C ratio was less than 0.6, indicating that there were more aromatic structures [17, 18] . The polarity of biochar could be judged according to the O/C ratio. The polarity was higher and the biochar had a longer half-life cycle when the ratio was less than 2 [19, 20] . Therefore, the sheep manure biochar possessed higher aromaticity and polarity. According to the BET results, the specific surface area, total pore volume and average pore diameter were 181.76 m 2 /g, 0.245 cm 3 /g and 11.91 nm, respectively, indicating that the biochar had a large specific surface area and developed pore structure. Combined with the SEM analysis results in Fig. 1 , the sheep manure biochar prepared in this study not only had a rough surface, but also spread a large number of irregular micropores, which provided a good basis for the adsorption of MO in the water.
Effect of Initial pH on Adsorption Effect
The effect of initial pH on adsorption was shown in Fig. 2 , where q e and r respectively expressed the equilibrium adsorption amount and removal rate of MO by the sheep manure biochar. As could be seen from Fig. 2 , with the increase of pH value of the solution, the adsorption quantity and removal rate of MO gradually increased. MO was mainly in the form of MO -when its acidic dissociation constant was 3.4. While in acidic conditions, biochar was combined with MO -through electrostatic interaction due to the protonation of surface functional groups. Therefore, the optimum pH for adsorption was 4.0 with the adsorption quantity of 23.7 mg/g and removal rate of 94.8%. With the increase of pH, the degree of biochar protonation decreased and the electrostatic effect weakened, resulting in a decline of adsorption quantity. In addition, OH -started competing with MO -for the active points on biochar when pH was greater than 7.0, which further weakened the adsorption effect.
The Effect of Input Dosage on Adsorption
The influence of different dosages of biochar on the adsorption effect of MO is shown in Fig. 3 . It could be seen that the removal rate of MO was gradually increasing as the biochar increased from 48.95% to 99.25%. The removal rate of MO increased significantly with the increase of biochar when the input dosage of biochar was 0.2 to 0.6 g/L, while the removal rate of MO tended to flatten when the input dosage of biochar was more than 0.6 g/L. However, with the amount of input biochar further increased, the adsorption MO gradually decreased from 48.950 mg/g to 11.027 mg/g. According to the analysis, because the total amount of MO in the solution was limited, when the amount of biochar was insufficient, a large number of MO could not be effectively adsorbed by biochar and lead to the low removal rate. However, overloading biochar could lead to excessive adsorption points, resulting in the decrease of MO adsorbed by the unit mass biochar. We took the adsorption effect and economy into overall consideration, and the subsequent experimental selection of the amount of the increase was 0.6, where the MO adsorption quantity and removal rate were 30.883 mg/g and 92.65%, respectively.
Adsorption Dynamics Analysis
The influence of adsorption time on the adsorption effect of MO was shown in Fig. 4 . To further analyze the adsorption process of sheep manure biochar on MO, pseudo first-order kinetic model (formula 3), pseudo second-order kinetic model (formula 4) and particle diffusion model (formula 5) [21] [22] [23] were used to fit the experimental data, and the results are shown in Table 3 .
q e: adsorption of MO at equilibrium, mg/g q t: adsorption of MO at time t, mg/g t: adsorption time, min k 1,: reaction rate constant, min -1 k 2: reaction rate constant, g/(mg·min) k 3: reaction rate constant, mg/(g·min 0.5 ) C: constant As shown in Fig. 4 , the first 60 min belonged to the rapid adsorption phase, and the adsorption of biochar to MO has increased significantly as time goes on, and MO adsorption reached 64.78% compared with the equilibrium adsorption capacity. This was due to the high rate of adsorption because of the abundant adsorption points on biochar surface. The section of 60 to 250 min belonged to the slow diffusion phase, as the extension of adsorption time, the active adsorption points on the biochar were gradually occupied and MO began to spread slowly inside its internal air void, which lead to the increase in adsorption slowed down. The section of 250 to 600 min belonged to the Adsorption equilibrium phase, the adsorption capacity of biochar was close to saturation and the increase of adsorption quantity waned with time. Therefore, 250 min was selected as the adsorption time for the follow-up experiments, and the adsorption and removal rates of pollutants were 30.85 mg/g and 92.55%, respectively. Table 1 shows that the decision coefficient of the pseudo second-order kinetic model (R 2 = 0.9922) was obviously better than that of the pseudo first-order kinetic model. The theoretical equilibrium adsorption q e was relatively close to the measured value (q e,exp = 32.75 mg/g), and the relative error was only 5.78%. Therefore, the pseudo second-order kinetic model could more accurately describe the adsorption process of the sheep manure biochar to MO. In addition, the fitting curve of the particle diffusion model was not passed through the origin point because the related constant C≠0 indicating particle diffusion had an effect on the adsorption process, but was not the only control rate-limiting step in the adsorption process [24] . The adsorption rate of the process may be controlled by a variety of functions [25] .
Isothermal Adsorption and Thermodynamic Analysis
The influence of initial concentration of MO and temperature on the adsorption effect is shown in Fig. 5 . The Langmuir and Freundlich models [26, 27] were used to fit the experimental data and the results are shown in Table 2 . In addition, the thermodynamic analysis [30] of the adsorption of biochar to MO was conducted and the results are shown in Table 2 .
R: ideal gas constant, 8.314J/(mol·K) T: thermodynamic temperature, K ∆G: gibbs free energy fluctuation, kJ/mol ∆S: enthalpy change, kJ/mol ∆H: entropy change, kJ/(mol·K) K e: thermodynamic equilibrium constant Table 2 shows that ∆G was less than 0, indicating the adsorption of biochar to MO belonged to spontaneous reaction. As the temperature rose, |∆G| gradually increased, showing the increase of temperature enhanced the driving force of adsorption, which was beneficial to the adsorption effect. According to relevant references [31] , the type of adsorption could be determined by the range of ∆G. The process belonged to physical absorption when ∆G ranged from -20 to 0 kJ/mol, while the adsorption was chemisorption when ∆G ranged from -40 to -800 kJ/mol. Therefore, the adsorption of biochar to MO in this study was mainly chemical adsorption. ∆H were greater than 0, suggesting that the adsorption process was an endothermic reaction [32] , and ∆S were greater than 0, indicating that there was entropy increase in the adsorption [33] .
In recent years, studies on the treatment of MO wastewater by the adsorption method have been increasing, but research on the adsorption of MO by biochar has been relatively few. Wang et al. [34] prepared biochar using vermicompost under 600ºC to adsorb MO in water, and the results showed that the equilibrium absorption capacity of vermicompost biochar to MO was 14.46 mg/g. Yu et al. [35] adopted biochar adsorbent prepared from chicken manure under the pyrolysis (600ºC, 120 min) for the removal of MO in aqueous solution, indicating that the maximum adsorption capacity was 39.47 mg/g under 25ºC. Table 3 lists the adsorption effect of different types of biochar on MO in water [34] [35] [36] . It can be seen that the adsorption amount of MO by sheep manure biochar was at a high value, especially in the same type of animal manure biochar, and the adsorption effect of the sheep manure biochar was better than other types of vermicompost biochar and chicken manure biochar Table 2 , the Langmuir more accurately described the process of sheep manure biochar adsorption to MO as its decision coefficient R 2 greater than 0.98, indicating that the process was mainly single molecular layer adsorption [28] and the theoretical maximum adsorption was 42.513~45.563 mg/g. It could also be seen that the adsorption capacity increased with the increase of initial concentration of MO and temperature, showing that the increase of initial concentration of MO and the increase of temperature were favorable to adsorption. The type of adsorption could be further determined according to the formula of separation factor R L = 1/(1+k L c 0 ) [29] . The process belonged to linear adsorption when R L was 1, while the adsorption was irreversible when R L was 0. It was not a benefit to adsorption when R L was greater than 1, while the process was favorable to adsorption when R L was less than 1. The R L range of this experiment was 0.0026~0.0247, which indicated that the process was favorable to the adsorption of sheep manure biochar to MO. Lu Y., et al.
at the same pyrolysis temperature. This may be related to the presence of large amounts of plant fibers in the sheep manure, resulting in greater specific surface area or more oxygen-containing functional groups in pyrolyzed biochar. While compared with the biochar from FeCl 3 -impregnated pulp and paper sludge [36] , the preparation process of sheep manure biochar is simpler and does not require a modified process.
It is a cheap and easy adsorption material and has a broader application prospect in the field of MO adsorption.
Conclusions
The sheep manure biochar prepared by pyrolysis at 600ºC had good adsorption feasibility. Temperature, initial concentration of MO, initial pH value and biochar input dosage all had significant effects on the adsorption amount and removal rate of MO by sheep manure biochar. The adsorption process had three different phases, including quick adsorption phase, slow diffusion phase and adsorption equilibrium phase. The pseudo second-order kinetic model more accurately described the adsorption process of biochar to MO, and the Internal diffusion was not the only speed-limit step. The adsorption process of biochar to MO was more consistent with the Langmuir model, which was mainly monolayer adsorption and was favorable to adsorption. Thermodynamic analysis showed that the adsorption was a spontaneous endothermic process of increased entropy and that the temperature increase was beneficial to the adsorption. 
